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Abstract

The planned experiment will measure the target asymmetry in the elastic and
inelastic scattering of unpolarized electrons from a polarized target whose po-
larization axis is oriented normal to the scattering plane. In the case of elastic
scattering such an asymmetry can only be due to dispersive corrections to the
one-photon exchange amplitude. In the excitation of inelastic states such an am-
plitude could arise from either multi-photon exchange or the violation of time

reversal invariance.



1 Introduction

The scattering of high energy electrons is normally pictured in the one-photon exchange
approximation (first Born approximation). This is just the first term in the expansion of the
full scattering amplitude in powers of the QED coupling constant, a. Some higher order ef-
fects are commonly accounted for, i.e., the radiative corrections and the Coulomb distortions.
The radiative corrections include both pre and post bremsstrahlung and corrections to the
propagator and vertices. The Coulomb distortions are treated approximately by an effective
momentum transfer preseription or more exactly via the disiorted wave Born approxima-
tion, DWBA. These Coulomb corrections to the cross section correspond to multiple photon
exchanges with the target propagating in its ground state between successive exchanges, and
the DWBA can be used to sum the effect of this class of multi-photon processes to all orders.

The dispersive term, which corresponds to the exchange of two photons with the target
propagating between exchanges in an excited state, is usually neglected. As the intermediate
state is not observable, the amplitude contains a sum aver the excitation spectrum of the
target and is therefore sensitive to the dynamics of the target system. This sum over the
excited states of the target is reminiscent of the situation in real and virtual Compton
scattering.

Several experimental techniques have been employed in the search for experimental sig-

natures of the dispersive term. These are:

1. Examining the energy dependence of the elastic electron scattering

cross section in the vicinity of a diffractive minimum.
2. Comparing the scattering of electrons and positrons.

3. Comparing charge radii deduced from electron scattering with those
obtained from other techniques such as muonic atoms or in the case of

the deuteron from the examination of atomic transition energies.
4. Searching for the inelastic excitation of a magnetic monopole transition.

5. Looking for a target asymmetry in the scattering of unpolarized elec-
trons from a polarized spin % target that has its polarization oriented

normal to the electron scattering plane. For elastic scattering this is



equivalent to searching for a normal component of the polarization in

the recoiling target.

The first technique requires a spin zero target so that only a CO0 form factor can con-
tribute and hence clear diffraction minima can be observed. Near diffraction minima the
single photon exchange term is vanishing and the importance of higher order diagrams are
relatively greater. [t is advantageous ta use light nuclei as the dispersive amplitude is roughly
proportional to ¢ while the Coulomb correction is proportional to oZ. For these reasons, and
due to its ease of use, 12C has been the traditional target of choice for these studies.

The second technique relies on the fact that the interference between the higher order
corrections and the first order Born term changes sign for the scattering of positrons relative
to electrons. Measurements have been made nsing '2C, “®Pb and the proton as targets.
In the latter case, elastic, inelastic and deep-inelastic scattering have been examined. For
nuclear targets, this technique also allows a careful check of the Coulomb corrections. The
effective momentum transfer for electrons is higher than that for positrons and hence the
positions of diffractive minima are slightly different in e* and ¢~ scatterings. This shift leads
to very large effects in the ratic of the cross sections near minima.

The rms charge radii extracted from electron scattering and muonic atom studies tend
to disagree, with the muonic result being larger. This discrepancy has been understeod in
terms of dispersive corrections to the electron scattering data [Of-91].

Selection rules for one photon exchange forbid the direct excitation of a magnetic
monopole transition. The classic example would be 0* — 07, BSince these transitions are
forbidden in first order any observed strength would have to come from a two-step process
such as dispersion.

The polarized target technique has been tried in both elastic and inelastic scattering
from the proton. The recoil polarization technique has also been applied for electron-proton,
(e-p), elastic scattering. In addition to experiments on the proton an attempt has been made

to observe a normal component of the recoil polarization in elastic e-d scattering [Pre-68].

2 Current Experimental Situation

There have been many previous attemps to make quantitative measurements of dipersive
effects in both complex nuclear systems and the nucleon. With essentially one exception

these measurements have not had sufficient sensitivity to measure an unambiguous signal
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and no signal has been observed in a system which is ameniable to reliable theoretical
calculation.

The clearest measurements of dispersive effects are from the energy dependence of the
120 elastic form factor {Off-91). Low energy, Ep < 245 MeV, elastic scattering data from
IKQ, NBS, Mainz and NIKHEF were used to determine s best fit charge distribution. This
charge distribution was then used to predict the behavior of higher energy measurements of
the cross section. The Born and Coulomb amplitudes are both uniquely determined by this
static charge distribution.

Near the minimum of the cross section, q = 1.85 fm™, large deviations were found be-
tween the measured high energy cross sections and the predictions from the static charge
distribution. These deviations are quantified by the percentage difference between the mea-
sured high energy cross section which contains both static and dynamic contributions and the
prediction from the static charge distribution, (Fisptstat = Tatat)/Osier. The deviations near
the minimum appear to grow linearly with beam energy and approach 18% for Eq = 690 MeV.
Figure 1 shows the measured energy dependence of the deviation in the vicinity of the first
minimum [Of-91].

The static cross section in the minimum is largely determined by the imaginary part
of the Coulomb amplitude as the Born term and the real part of the Coulomb amplitude
are both zerp at the diffractive minimum. The deminant dynamic contribution is thus the
interference of the imaginary part of the Coulomb amplitude with the imaginary part of the
dispersive term.

Outside of the region of the diffractive minimum, effects seem to be small, less than
9%, and vary smoothly with energy. In fact, the measurement of the dispersive term: in this
technigue is relative to its size at the energy used to determine the static charge distribution,
as any smoothly varying dispersive contribution will be absorbed into the fitted static charge
distribution.

Thearetical caleulations by Friar and Rosen predict an effect almost an order of magnitude
smaller than is observed experimentally [FrR-74]. This would indicate that the caleulation
greatly underestimates the imaginary dispersive amplitude. They also fail to predict the
observed, almost linear, energy dependence. There is also some evidence that the caleulations
underpredict the real part of the dispersive amplitude.

The ratio, R, of electron to positron scattering has been measured by many
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Figure 1: The observed deviation of the elastic carbon cross section from
that predicted by the static charge distribution in the vicinity of the first
form factor minimum.



groups [Bre-91], [Fan-76], [Roc-76], [Jos-74], [Mar-68], [Bog-68}, |And-68], [Cas-67], [Bar-67),
[Bro-64], [You-62]. For the proton, where Coulomb effects are small, this ratio is approx-
imately given by B =# 1 + 4Re(M,/M,) where M, is the Born amplitude and M is the
two-photon exchange piece which includes both the second Born term and dispersion. It
has been measured in elastic and inelastic kinematics at momentum traunsfers ranging from
0.005 to 14.9 (GeV/c)®. The modern measurements claim error bars on R of 0.3% in inelastic
kinematics [Fan-76]. All of these measurements are consistent with no dispersive contribu-
tion, R = 1. Naively, one would estimate that M,/A is of order o and hence one expects
(R - 1) to be &~ 0.03. Indeed, early estimates using a simple model for the contribution
of the resonances to the dispersive sum predict that the second order contributions change
the electron scattering cross section by about 1% for elastic scattering at beam energies of
a few GeV {Dre-58]. Thus the proton data indicate a smaller dispersive effect than one
would guess from these simple estimates. Figure 2 shows the results of some of the world’s
R measurements.

Measurements of R in electron nucleus scattering are also sensitive to the real part of
the dispersive amplitude, and in addition, allow a sensitive test of the Coulomb corrections.
The Coulomb effects on R near diffractive minima in scattering from a heavy nuclens can
be quite large. Indeed measurements of R using *®Pb as a target find values approaching
3. While these data represent a demanding test of Coulomb corrections they do not place
stringent limits on the size of the dispersive amplitude. In both lead and carbon all one can
conclude from these results is that the dynamic effects are only a few percent of the cross
section [Bre-91].

The observed discrepancies between the rms charge radius of the deuteron derived from
atomic measurements [Sch-93), [Pac-94] and the same guantity extracted from electron scat-
tering data has received a lot of attention in recent years [Kla-86),[Sic-86]. The discrepancy
has largely been resolved by careful treatment of the Coulomb corrections to the electron
scattering data but as a by product of this effort new calculations of the dispersive contri-
butions to e-d elastic scattering have become available [Her-87]. Herrmann and Rosenfelder
calculated the contributions of the virtual longitudinal excitations by numerically integrating
a generalized structure function 5(q:,q2.w) derived from a separable form of the NN poten-
tial. For modest momentum transfers, a few fim™2, and relatively low beam energies, a few

hundred MeV, they find relative corrections due to the real part of the virtual longitudinal
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Figure 2: A sample of the world's measurements of the ratio of electron and
positron cross sections on the proton.



excitations of order 10-3. They also find that the cotrection to the rms radius of denterizm
due to dispersion is about one third the size of that due to the Coulomb disgrams, The
results of the caleuiations are shown in Figure 3.
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Figure 3: Calculations by Herrmann and Rosenfelder for the dispersive cor-
rections to the elastic e-d scattering cross section.

There is only one reported cross section for the excitation of a monopele tramsition
[Voe-91]. They measured a cross section of 5.4+3.8%10~% em~2/sr for scattering to the 07
state at E;=10.957 MeV in '*0. While the magnitude of the measured cross section agrees
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with theoretical calculations by Borie and Drechsel [Bor-71| the statistical and systematic
uncertainties of the result are not adequate to test any of the model assumptions and any
substantial reduction of the experimental uncertainties would require a major effort [Voe-91].
The results from such a measurement are sensitive to the magnitude of the dispersive ampli-
tude and hence would give information on both the real and imaginary parts of the amplitude
if sufficient accuracy could be obtained.

Several attempts have been made to measure a nonzero normal recoil polarization in elas-
tic electron-proton scattering [Lun-68], [DiG-65], [Biz-65]. The group from Orsay reported
P, = 0.04 + 0027 and P, = 0.00 £ ¢.028 and thus saw a signal for £, at the one sigma level
[Biz-65). The transverse polarization is parity forbidden for an unpolarized electron beam
and thus serves as a check of the systematics. The measurement was taken at a beam
energy of 950 MeV and a Q? of 0.59 (GeV /cy%. Two other measurements of this quantity
gave answers which were consistent with zero. Stanford obtained F, = 0.013 £+ 0.02 with
a 900 MeV incident beam and a momentum transfer of 0.39 (GeV/c)? [Lun-68]. The other
published measurement reports P, = 0.024 + 0.050 at a momentum transfer of 0.78 (GeV /e)?
and E; = 900 MeV from Frascati [DiG-63]. It would be hard to push this technique far below
the 0.5% level as false asymmetries become increasingly difficult to control.

Prepost et al. reported a value of F, = 0.075 + 0.088 for the normal vector polarization
in elastic e-d scattering [Pre-68]. This was intended to test the time reversal invariance of
the electzomagnetic interaction but an elastic asymmetry measurement from a spin-1 system
would be sensitive to two photon contributions.

Two polarized target measurements have been performed at SLAC. Powell et al. found
no target asymmetry in the elastic scattering of unpolarized electrons from a proton target
whose polarization axis was oriented normal to the electron scattering plane [Pow-78]. If
time reversal invariance holds, then for elastic scattering this observable is equivalent to the
recoil polarization measurements previously discussed to all orders in perturbation theory.
The measurements were perfortmed at very forward scattering angles, #, between 2.37 and
3.21° at beam energies of 15 and 18 GeV. Data at three momentum transfers, Q% = .38,
0.59 and 0.98 {Ge‘v’fc)z were obtained. The measured guantity is the count rate asymmetry,
¢,, between scattering with the target polarized up and down:

=N
N+ N,

where N; is the charge normalized number of spectrometer counts with the target polarized

(1)
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up and N, is the analogous quantity with the target polarization down. Their statistically
best result was A, = —0.005 & 0.009 at the middle momentum transfer [Pow-T0]. A, is the
physics asymmetry which is related to the count rate asymmetry, ¢, by

o — £y £q
n= - B 2
&+ 9y Prdf { }

Here Py is the target polarization and df is the dilution factor. The dilution factor is the
ratio of polarized active nucleons to unpolarized active nucleons and is reaction dependent.
In the SLAC elastic scattering measurements the target polarization was typically 0.2 and
the dilution factor was also about 0.2. Thus a 0.04% count rate asymmetry would correspond
to a physics asymmetry of 1%. The normal polarization is given by

TrM(c- s)imbM,

P =A =
" R 21 TTIH‘]_ M‘l ¥ {3]

where M, is the one-photon exchange amplitude and M, is the iwo-photon contribution.

Unitarity implies that

Im < ep|Malep >=3 < ep|TH|N >< N|T|ep >, {4)
N

with < N|T|ep > being the inelastic electron proton scattering amplitude in the one-photon
exchange approximation. Guerin and Piketty estimated the polarization in a model that
approximates the dispersive sum by its contributions from the proton, and the first two
resonances. Their resuits indicate that P, is of order 1073 for electron energies of 1 GeV or
less at moderate e-p center of mass angles {the polarization vanishes at fm = 0} [Gue-G64]
as shown in Figure 4. Thus none of the existing measurements is sensitive to the predicted
scale of the effect. The existing world data for both F, and A, in elastic e-p scattering is
shown in figare 3.

Rock et al. tried to measure an asymmetry in inelastic scattering as part of the same
experiment as Powell {Roc-70]. They used the same beam epergies and forward angles but
looked at resonance excitation. This experiment was intended as a test of time reversal
invariance, TRL For elastic scattering from a spin-§ target, A, must be zero in first Born
approximation as a consequence of gauge invariance, hence any effect must be due to higher
order diagrams. This is not the case for inelastic transitions for which a TRI odd current
could contribute in first order. Results were quoted for three values of invariant mass, W,
corresponding to excitation of the A{1236), N*(1512) and the N*(1688). For each W three
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values of (J? were measured, 0.4, 0.58 and 0.96 (GeV /c)?. In order to separate possible TRI
odd effects from twéo-photon effects, measurements of A, were made with both electrons and
positrons at the lowest Q7 value in the region of the A. Any TRI odd effect would not
change sign between ¢~ and e* scattering while the sign of a dispersive contribution would
reverse.

Although one of their individual data points is two sigma from zerc the data show
no consistent deviation from zero. The authors conclude that their results are consistent
with zero effect. Their best statistical value is for the asymmetry near the A(1236) at
O? = 0.58 (GeV je)®. For these conditions they report A, = 0.028 + 0.014. An earlier polar-
ized target measurement by Chen et al. [Che-68] found A, consistent with zero but with
statistical errors of 4 to 8%. A sample of the data from these experiments is shown in Figure
6. Cahn and Tsai calculated the two-photon contribution to A, for the kinematics of the
Rock experitment, Ep = 18 GeV and §* = 0.6 (GeV /¢)®. They examined all the two-photon
diagrams with a A in the final state but approximated the dispersive sum with only the
contribution from the proton. They found A, = 0.0075 in the inelastic region with little
sensitivity to W in their model [Cah-70].

In summary, despite many years of extensive effort the only data that exhibit a clear,
unambiguous signature of dispersive effects is that for the “flling in of the minimum in the
elastic form factor of earbon”. The observed effect in these data is large and is due to the
imaginary part of the dispersive amplitude.

For the nucleon, the measurements of R indicate that the real part of the dispersive
smplitude is small, less than 0.3% of the Born term in the kinematics studied. No measure-
ments using polarization techniques have been made with sensitivity to the anticipated size
of the asymmetry which is of order 1072, In fact, the present limits on the size of the spin
dependent imaginary piece of the dispersive amplitude are about one order of magnitude

greater than this scale, 1%.

3 Proposed Experiment

We propose 1o measure A, for the elastic, and quasi-elastic scattering of unpolarized electrons

from a polarized *He target. >He is an ideal target for these studies for a number of reasons.

e Elastic scattering from 3He offers a chance to measure the dispersive

effect in a simple nuclear system where calenlations should be more

14
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tractable than in the case of '*C. The past years have shown con-
siderable progress in ealculational techniques for the static properties
of the 'He nucleus, its response to electromagnetic probes, and the
relativistic treatment of the 3-pucleon dynatnics. Faddeev equations
have been solved both in coordinate [Che-85] and momentum [Sas-83]
representations. These techniques have been expanded to also cal-
culate dynamic properties [Gol-95]. Alternatively, numerical meth-
ods have been developed, either by expansion of the three-nucleon
wave function in a Harmenic-Hyperspherical basis [Kie-93] or by using
variational non-relativistic Green’s-Function Monte Carla techniques
[Car-91], {Wir-91]. Recently, the addition of relativistic effects to the
latter has been considered [For-95). Methods have alse been developed
[Mar-95], where the 3-body response function is obtained by the mver-
sion: of a calculation of its Lorentz-transform. Many of these methods
give essentially exact calculations of the inclusive response function of
the ?He nucleus. There are few systems for which the theoretical ma-

chinery is so well developed.

Quasi-elastic scattering provides a chance to get a mote precise look at
dispersion in the “nucleon”. This is a fundamental quantity, an imag-
inary part of a “polarizability”. Much theoretical and cxperimental
effort has been devoted lately to investigate the nucleon’s response to
a static electromagnetic field in terms of its polarizabilities. In elec-
tron scattering, a virtual photon may excite a nucleon, which in its
turt may de-excite through emission of a real (hremsstrahlung) pho-
ton. Experimentally, it is hard to pinpoint this process due to the large
background of events where one of the relativistic electrons emitted a
similar real photon, but several experimental programs are underway.
Theoretically, generalized polarizabilities have been defined for such a
Virtual Compton Scattering process by Guichon et al. [Gui-95] Lately,
calculations of these generalized polarizabilities have been attenipted
in diquark models [Kro-96), the linear o model [Dre-97], effective La-
grangian models [Van-96, [Sch-97] and in the framework of Chiral Per-
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turbation Thecry {Hol-97]. Of interest for this experiment is that the
asymmetry we measure fot the quasi-elastic electron-nucleus process is
essentially sensitive to the same diagram the Virtual Compton Scat-
tering process is, with one caveat: in the Virtual Compton Scattering
process the virtual photon fixes the momentum transfer Q?, while in
the two-photou exchange process the momentuin transfer Q? is shared
by two virtual photons, requiring an integration over the shared mo-

mentum in the calculations.

« Experimentally, 3He targets require only a weak, 20 to 40 Gauss hold-
ing field. This means that no correcting chicane is nceded and greatly
simplifies the experimental installation. After a successful quasi-elastic
helium measurement is complete the more corplicated proton experi-
ment could be attempted {there have been great improvements in po-

larized proton targets since the 1970s).

4 Experimental Method

The proposed expetiment will be carried out in Hall A using the High Resclution Spectrom-
eters {HRS) and a polarized *He target, with polarization perpendicular to the scattering
plane. The scattered clectrons from 31Te(e,e’) elastic and quasi-elastic channels will be de-
tected in the HRS. The experimental asymmetry, e,, is determined from the normalized
numbers of scattered electrons detected for target polarization up, Ny, and target polariza-
tion down, N, (see Equation 1). The physics asymmetry is obtained from the experimental
asymmetry, ¢, the target polarization, Pr, and the dilution factor, df (Equation 2}. A
spin-exchange 3He target will be used in this project. We gain factors of 200 ta 100 in sensi-
tivity compared to previous SLAC experiments [Pow-70] in the elastic and the quasi-elastic
channels. The polarization will be continuously monitored during the entire experiment.
To obtain the desired statistical accuracy in a reasonable running time, the rates will be
integrated at the focal plane using a series of scintillator paddles. In the following, we give

a detailed description of the experimental technique.
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4.1 Farget

Two popular techniques have been used for producing pelarized 3He for external targets: the
metastability exchange method and the spin exchange method by optically purped alkali-
metal vapor. In either case, the target is divided into two cells, the pumping cell and the
target cell itself where the beam passes through.

In spin exchange targets, the pumping cell contains a mixture of Rb metal, %He and
nitrogen maintained at a higher temperature (170 — 200 °C) to control the Rb vapor density.
The nitrogen increases the efficiency of the optical pumping. The target cell is connected to
the pumping eel} via a narrow tube and it is maintained at a much lower temperature (50 °C).
Polarized *He nuclei diffuse from the pumping cell to the target cell. The rubidium number
density in the target cell is several orders of magnitude less than in the pumping cell where the
rubidium is confined by temperature gradient [Chu-94). The polarization of the *He nuclei is
done in two stages. First, the Rb is polarized by illuminating it with circularly polarized laser
light tuned to the Rb D1 line (795 nm). The D1 transition results in the spin polarization
of the Rb valence electrons. The second stage of the process involves polarization transfer
to the He by binary Rb —2 He collisions during which hyperfine interactions between the
Rb valence electrons and the *He nucleus may canse the latter to flip. Since the polarization
transfer cross section is very small, the YHe nuclear polarization build-up can take quite
a long time [Mid-94]. The primary advantage of the spin exchange polarization targets is
the higher target densities — optical pumping in these targets can be performed at higher
pressure {~ 10 atmosphere) in contrast to targets based on metastability exchange method
where the pressure is limited to few Torr. We plan to nse the Hall A spin exchange target

which is being set-up for several approved experiments.

4.2 Polarization and Dilution Measurements

Two methods have been nsed in electron scattering for *He target polarization measurements.
The NMR. technique of adiabatic fast passage (NMR-AFFP) has been used for all targets: RF
coils produce an oscillating field perpendicular to the main field which is swept through a
resonance due to Larmor spin precession. This causes the *He spin to flip producing a signal
in the pick-up coils. The signal intensity is propottional to the target polarization. The
system is calibrated with protons from a water sample, with a known thermal polarization

of ~ 107, This method is reliable to a few percent.
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Table 1: Target parameters for the proposed experiment.

Density 2.5 10%%m™?
Length 25 em
Peak Polarization 40% to 45%
Average Polarization 35%
Dilution Factor {Elastic} ~ Q.75
Dilution Factor {Quasi-clastic) ~ .25
Material He
Target Holding Field 20 G
Polarization Measurement NMR-AFP (EPR)}

The target polarization will be measured periodically during the experiment by the NMR-
AFP technique. It is possible to cross-check the polarization measurements with the Electron
Paramagnetic Resonance (EPR) method which consists of measuring the frequency shifts
induced by the polarized *He nuclei on Rb atoms [Rom-97). The NMR-AFFP and the EPR
techniques are integral parts of the Hall A polarized *He target system.

The dilution of the measured asymmetry is due to impurities, or processes involving
materials other than 3He, namely beam halo scatterings from target walls and most impor-
tantly from the nitrogen buffer gas. Potentially, the rubidium atoms used in the polarization
process can also contribute to the dilution. However, the residual rubidium in the target cell
has a number density many orders of magnitudes [Mid-94] less than the 3He number density,
while the Rb(e, e) cross sections are higher than the 3Hele, €) cross sections by only a factor
of ten at the proposed kinematics.

In the kinematics used for the elastic measurements we estimate that scattering from
the buffer gas and other unpolarized materials will account for 25 percent of the scatterings.
In quasi-elastic kinematics the effect is approximately three times worse as only one of the
nucleons in He is polarized.

Direct measurements of the the cell wall contribution to the dilytion factor will be made
periodically during the experiment with empty target cells. Table 1 summarizes the target

parameters [Che-98].
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4,3 Polarization Reversal

Systematic effects associated with small fluctuations in detector efficiencies, drifts in beam
current monitors, changes in beam conditions must be averaged out to be sensitive to asym-
metries of order 10~¢. We plan to reverse the target polarization once every minute using
pulsed NMR techniques, The reversal process is essentially the same as in the normal AFP
method with the exception that the RF frequency — not the field — is swept through the
resonance [Rom-97). The advantage is that the holding field remains locked throughout the
entire experiment so that the experiment does not build-in a false asymmetry resulting from
the reversal of polarization by reversal of the holding field. However, during half of the
reversal cycle, the laser will be pumping in the opposite direction and polarization decay
will become the major loss of polarization, especially in the presence of beam. This problem
is solved by reversing the circular polarization of the laser following each half cycle of the
frequency sweep AFP process. In doing so. the only loss of polarization comes from AFP
losses which could be kept at the 0.1 to 0.2% level (fractional loss per sweep) by optimizing
the sweep rate.

Frequent reversals by this method will decrease the average polarization of the target.
One can treat the AFP losses as an extra relaxation mechanism and include it in the relax-
ation rate equations. On the basis of such a calculation we estimate that the reversal losses
will decrease the average polarization by about 5 percent and hence a target polarization of

35 percent has been used in all error and run time estimates.

4.4 Rates

The rates for elastic scatterings are estimated based on the following:

R= ;:%mz, {3)

where o d

do _ldo 2 2 2

a0 = 7. (A@)+ BQ@)a®#/2)). (6)
4 is the Mott cross section, f is the recoil factor, and A{@*) and B(Q?) are the elastic

fortn factors of *He, @ is the electron scattering angle in the lab, and Af2 is the salid angle
acceptance of the spectrometer. For the quasi-elastic measurements, the rates are calculated

from

do

= A0 E (7)

R=L
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where A E is the energy bin. In our estimation of the rates, we assumed A2 = 6msr,
A E = 4% E’, a beam current of 15 uA and the target parameters of Table 1. The elastic and
the ¢uasi-elastic measurements will be carried out concurrently by using both spectrometers,
one for the elastic and the other for the guasi-elastic processes. Tables 2 and 3 show the
kinematics of the proposed experiment and the estimated rates. The kinematics were chosen
s0 that the higher momentum transfer would be comparable to the momentum transfer at the
12(} minimum where large dispersive effects have been observed. This is still small enough to
allow the gathering of very high statistics in a reasonable time. Two points will be measued
to check the beam energy or momentum transfer dependence. At our angles, background
events coming from the target windows will not be accepted in the spectrometers. Therefore,

no collimation will be necessary to remove these events. The statistical uncertainty in the

Table 2: Kinematics and rates for the elastic channel.

Beam Energy (GeV) 0.845 1.645
Spectrometer angle (deg.) 170 125
Q? (fm™?) 1.58 3.2
Scattered Energy (GeV) (.840 1.622
Rate (kHz) 290 5.0

Table 3: Kinematics and rates for the quasi-elastic channel.

Beam Energy {GeV) 0.845 1.645
Spectrometer angle {deg.) 17.0 125
@* (fm™%) 1.54 3.14
Scattered Energy (GeV)  0.810 L.570
W (GeV) 0.943 0.950
Rate (kHz) 48.7 374

experimental asymmetry (Equation 1) is

1
Sep =~ iR (8)
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where N is the total number of counts for target polarization up or down. Combining

Equations 2 and 8, we have
1

(df PréA.)’
where 64, is the statistical error on the physics asymmetry, R is the rate and { is the

R, (9)

acquisition time.

4.5 Data Acquisition and Detectors

The rates quoted in Table 2 and Table 3 are higher than the maximum rate of the standard
data acquisition (DAQ} in Hall A.

We will integrate the rates using segmented plastic scintillator detectors at the focal plane
(for the elastic channel), shower counter blocks (for the quasi-elastic channel) and STRUCK
scalers STRT201.

Monte Carlo simulation has shown that elastic events can be separated partially at the
focal plane from the quasi-elastic continuum for the kinematic conditions of this experiment.
Figure 7 shows the result of the simulation. Here, we show the separation between the elastic
and the break-up events for 1-pass and 2-pass beams and the HRS at 12.5 and 17.0 degrees.
The design of the scintillator paddles is based on this result, We will install nine paddles of
1.5 cm wide, 20 em long and readout at both ends. A schematic layout of the scintillators
is shown in Figure 8. If need be, we can change the (x,x') focus to get it “straight” on the
paddles.

The expected experimental asymmetry &, is of the order 10™*: to reduce the systematics
below the statistical uncertainties {Table 4}, it is necessary to avoid any false asymmetry
inherent to the readout process itself. Therefore, the timing and the readout cycle of the
scalers are critical.

The STR7201 is a 32-bit, 32-channel scaler with input rate up to 200 MHz. The scaler
is equipped with two independent dsta banks and a FIFO designed to minimize readout
overheads and in doing so, to provide essentially continuous counting. A clock triggers the
change of the active data bank. Counting is disabled for 10 ns to complete the change, the
data in the inactive bank is latched onto the FIFQ and the inactive bank is cleared while
counting has resumed for the active bank. The FIFOQ readout overhead is only 4 us. The
situation is depicted in Figure 9.

A 32-bit scaler can handle a 1 MHz rate for 70 Minutes without turning over. We plan to
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Figure 7: Separation of elastic and break-up (5.5 MeV} events at the focal
plane for 1- and 2-pass settings. The shaded spectra correspond to elastic
channel and the uashaded ones to break-up channel. The normalizations are
given by the cross sections ratios.

push the FIFQ approximately once every 10 seconds. This will allow relatively easy checks
of the system stability: at 10 kHz one gets 0.3 % statistics in 10 seconds. In addition, the
scaling of a one MHz clock will allow additional checks to be performed off-line. The FIFO

readout will be synchronized with the target polarization reversal.
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Figure 8: Schematic Layout of the scintillator paddles to be installed at the
focal plan for the elastic 3ﬁe(e,e’], The scintillators are viewed at both ends.
Only five of the paddles are shown here for clarity. The rest is interleaved
between the ones shown.

At the maximum expected rate of 50 kHz, with 50 ns pulse widths, the discriminator
and scaler dead-times are about 3 ppm and hence even if uncorrected are smaller than our
expected asymmetries. The dead-time associated with pushing the FIFO and reading the
FIFQ are both completely negligible. A pulser system will be used to check the electronics
dead-time.

We will also use the standard DAQ in short dedicated runs to monitor changes in the
beam and the focus, and to estimate the small fractions of the quasi-elastic continunm under
the elastic spectra (Figure 7). The normal configuration of the HRS will be in place, ic.,
there will be particle identification behind the scintillator paddies.

4.6 Systematic Uncertainties

Systematic uncertainties associated with detector efficiencies and solid angle will cancel in
the ratio for the asymmetry measurements. Fluctuations in detector efficiencies, drifts and
changes in beam conditions will be averaged out by the polarization reversal cycles. How-
ever, systematic uncertainties related to the target polarization state will hot cancel 1n the
ratio. The major source of systematics will come from the target polarization measurements.

The polarization will be measured periodically during the experiment with the NMR-AFP
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CLEAR 1__|

WRITE 1 :

POL+
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Figure 9: The readout consists of switching counting to the inactive data
bank and latching the data in the previously active bank to the FIFQ. Count-
ing is inhibited during the 10 ns needed to complete the switch. CIP (Copy
In Progress) is asserted while data is being copied to the FIFO. During that
time, clock transitions are inhibited. A FIFO half full signal triggers the
readout of the FIFQ itself during next polarization reversal.

technique and cross-checks will made with the EPR method.
In order to check for false asymmetries we will perform high statistics measurements on

an unpolarized target.
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5 Beam Time Request

We plan to measure the physics asymmetry at two §° settings for both the elastic and
the quasi-elastic channels. The beam time requested is shown in Table 4 along with the

Table 4: Beam time requirement for the proposed experiment. The **'s
indicate simultaneous measurernents with the corresponding elastic settings.

b4, Time {days}

Physics Asymmetry {Elastic, 1-pass) 0.4 x 10~4 4
Unpolarized Target (Elastic, 1-pass) 0.2 x 1074 1
Physics Asymmetry {Quasi-elastic, 1-pass) 1.0 x 10~ b
Physics Asymmetry (Elastic, 2-pass) 1.0 x 10~ 4
Unpolarized Target (Elastic, 2-pass) 0.5 x 1074 1
Physics Asymmetry {Quasi-elastic, 2-pass) 1.0 x 10~* =
Dilution Effects 2
Checkont, Calibration 1
Configuration Change 1
Total 14

expected statistical uncertainties on the physics asymmetries. We request a total of 14 days
for a measurement of the elastic asymmetry at 1-pass down to the 4 x 107° level, and down
to the 1 » 10~ level at other settings. The requested time includes all the overhead due
to calibration, polarization measurements and reversals, and momentum, beam and angle
changes.

The unpolarized target measurements constitute a systematic check of the proposed

experimental method since the asymmetry must vanish in the absence of target polarization.

6 Conclusion

We propose to measure the physics asymmetries in inclusive elastic and quasi-elastic Sﬁe{e,e*}
scatterings. Non-vanishing asymmetries can only result from dispersive or muiti-photon

exchange processes (elastic and quasi-elastic channels), or time reversal invariance violation
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(quasi-elastic channel only). Previous measnrements with polarization techniques are not
sensitive to the expected size of these effects, i.e., ~ 0.1% [Gue-64],[Cah-70]. We propose
to measure these effects with a statistical accuracy of ~ 0.004% using the high resolution
spectrometer and the spin exchange polarized *He target of Hall A. The only new equipment
needed are the scintillators for the elastic measurement. This experiment is a factor of 200
more sensitive than the previcus best measurement of a dispersive spin observable !

Most systematic effects will be eliminated by appropriate polarization reversal cycles.
To achieve the proposed statistical accuracy in the requested beam time period, we plan
to integrate the rates using an array of plastic scintillator paddles (at the focal plane) and
the shower counter hlocks. We will use the standard Hall A data acquisition system and

beamline instrumentation to monitor changes in the beam and detector conditions.
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